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Switch mode power circuit 



FIELD OF THE INVENTION 

The present invention relates to switch mode power circuits, for example to 
switch mode motor controllers and to switch mode power supplies; in particular, but not 
exclusively, the invention relates to a switch mode power circuit including features for 
5 detecting hard switching amplitude therein. Moreover, the invention also relates to a method 
of detecting hard switching amplitude of a hard switch moment in switch mode power 
curcuits, for example a method of detecting hard switching amplitude in switch mode power 
supplies. 



10 BACKGROUND TO THE INVENTION 

Switching mode power circuits are well known, for example switch mode 
power supplies and switch mode motor controllers. Such circuits usually include one or more 
electronic power switching devices, for example a field effect transistor (PET), a bipolar 
switching transistor, a triac and/or a silicon controlled rectifier (SCR). Increasingly, on 

15 account of their relatively faster switching speed enabling coincidental use of more compact 
magnetic components such as ferrite transformers, FETs are becoming increasingly 
employed in switch mode power circuits. 

An important parameter for consideration when designing switch mode power 
circuits is hard switching amplitude; hard switching amplitude is defined as a voltage 

20 developed across a switching device at a moment whereat the device is driven into a 
conductive state, namely turned on. 

United States patent 6,069,804 describes a multi-output, multi-directional 
power converter that has an input bi-directional switch and at least a first output bi- 
directional switch. Moreover, the converter further comprises a coupled inductor having an 

25 input winding and at least one output winding. The input winding is connected in series with 
an input voltage source and an input bi-directional switch implemented using FET 
technology. Each coupled inductor output winding is connected in series with a 
correspondmg output voltage source, for example a capacitor, and its respective output bi- 
direction switch also implemented using FET technology. The converter additionally 
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includes a clock circuit for providing first and second control signals, each signal having first 
and second states. The first and second signals are connected to the input and output switches 
respectively. Moreover, the first and second signals are arranged to be substantially mutually 
complementary with regard to their states. 

5 The power converter is susceptible to being modified to include resonant 

transition controlling means for sensing currents in the input and output windings as well as 
output voltage and firom such current sensing together with a measure of output voltage fi-om 
the converter for adjusting a clocking firequency of the converter for enabling the convoter to 
function in a resonant mode. 

10 The converter is potentially expensive to implement on account of its clock 

circuit being coupled to both input and ou^ut sides of the coupled inductor, such connection 
requiring additional coupling transformers to be included for controlling the switches. 
Moreover, the converter does not utilize hard switching amplitude information as an aspect of 
its operation. 

IS United States patent 6,433,491 describes a method of generating a signal 

corresponding to hard switching amplitude. The method concerns the use of a capacitive 
divider for sensing primary winding potential in a transformer-coupled device. The method 
involves temporally controlled resetting of the divider in conjunction with a sampl&-and-hold 
circuit for providing a direct indication of the hard switching magnitude. However, the 

20 method requires precise timing mformation and is directly associated with the primary 

winding which is potentially at relatively high potentials, for example as in mains-supplied 
SMPS. Thus, this US patent is regarded as elucidating a non-optimal method of determining 
hard switching amplitude. 

The inventor has appreciated that it is desirable, for example not only m the 

25 aforementioned method but also in the power controller and other similar types of switch 

mode circuits such as switch mode power supplies, to measure hard switching amplitude. For 
example, in a switch mode power supply (SMPS) system, switching losses occur if one or 
more power controlling switching devices therein are turned on, namely driven to a 
conductive state, whilst a non-zero potential is developed there across. 

30 In some SMPS applications, hard switching is unavoidable and the hard 

switching amplitude is variable, for example in response to changing SMPS loading 
conditions. In such circumstances, it is often desirable to provide regulation to other 
components depending upon this amplitude, for example for providing circuit protection 
shutdown in an event of circuit overload. Moreover, timing information pertaining to 
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occurrence of such hard switching is often not available or relatively expensive to obtain, for 
example on account of a need to include additional isolation components where mains 
electrical input supplies are involved. An example of such a SMPS application is a bi- 
directional flyback converter including a transformer with primary and secondary windings, 
5 the primary winding being connected to a primary FET switching device; preferably, the 
primary device is turned on, namely switched to a conducting state, whilst a voltage 
developed there across is almost of zero magnitude, namely the primary device is preferably 
subject to soft switching. There thereby arises a need to monitor the hard switching amplitude 
of the FET device, such monitoring conventionally being achieved by including a control 

10 loop implemented substantially around circuits associated with the secondary windings. 

Thus, the hard switching amplitude is conventionally monitored at a secondary region of the 
bi-directional converter by monitoring a voltage developed across one of its transformer 
windings. In such a configuration, precise switching timing information pertaining to the 
primary windings is not normally available at the secondary circuit unless additional 

1 5 potentially expensive components are included. 

The inventor has appreciated that it is especially desirable to be able to 
determine hard switching amplitude in switch mode circuits including transformer-type 
componmts by monitoring a signal developed across a secondary winding of such 
transformer-type components witiiout fliere being a need to generate precise temporal 

20 information, thereby potentially reducmg the cost and complexity of such switch mode 
circuits. 



SUMMARY OF THE INVENTION 

It is an object of the invention to provide an improved switched mode power 
25 supply. The invention is defmed by the independent claims. The dependent claims define 
advantageous embodiments. 

The invention is of advantage in that the circuit is capable of yielding die 
measure of hard switching amplitude in a manner that is at least one of less expensive, less 
complex, and more accurate in comparison to conventional approaches to determining such a 
30 measure of hard switching amplitude, 

Pteferably, the detector further includes timing means for applying temporal 
gating to the integrating means. The timing means is of benefit in that it enables a particular 
portion of the signal output more significantiy influenced in response to changes in hard 
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switching amplitude to be selected for purposes of generating the measure of hard switching 
amplitude. 

More preferably, the timing means is also arranged to provide temporal gating 
to the differentiating means. Such additional temporal gating of the differentiating means is 
5 capable of improving accuracy of the detector when generating its measure of hard switching 
amplitude. 

Preferably, in order to provide an nearly instantaneous and potentially more 
accurate measure of the hard switching amplitude, the timing means is arranged to reset at 
least one of the differentiating means and the integrating means for each conduction cycle of 
10 the switching means. Such resetting is capable of enabling the circuit to generate the measure 
of hard switching amplitude that is substantially instantaneously updated. 

Preferably, for example to reduce circuit cost and complexity as well as 
providing electrical isolation in a straightforward manner, the differentiating means is 
implemented as a potential divider combination of a resistor and an associated capacitor, the 
15 resistor and capacitor defining an associated time constant capable of rendering the 

combination susceptible to providing imperfect differentiation of fhe signal output suitable 
for use in generating the measure of hard switching amplitude. 

Preferably, the circuit is susceptible for use in at least one of: switch mode 
power supplies, motor controllers, battery chargers, ionizing apparatus, high-tension bias 
20 generators. The measure of hard switching amplitude is susceptible to being used for one or 
more of feedback regulation, overload protection and power monitoring. 

It will be appreciated that features of the mvention are susceptible to being 
combined in any combination without departing from the scope of the invention. 

25 DESCRIPTION OF THE DIAGRAMS 

Embodiments of the invention will now be described, by way of example only, 

wherein: 

Fig. 1 is a schematic diagram of a known switch mode power supply (SMPS) 
implemented as a bidifly converter; 
30 Fig. 2 is a gcaph illustrating operation of the supply of Fig. 1 ; 

Fig. 3 is a graph illustrating temporal differentiation followed by temporal 
integration for recreating a potential arising in operation at a primary switch of the supply of 
Fig. 1; 
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Fig. 4 is a graph illustrating imperfect differentiation followed by temporally 
gated integration to derive a measure of hard switching amplitude, Vhard; 

Fig. 5 is a schematic diagram of a first embodiment of the invention; and 
Fig. 6 is a temporal switching diagram pertaining the embodiment illustrated 

5 in Fig. 5. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

In order to elucidate the present invention, a conventional approach to measure 
hard switching amplitude will firstly be described in detail followed by a description of 

10 embodiments of the present invention in order to juxtapose the present invention more clearly 
with respect to the prior art. 

In Fig. 1, there is shown a schematic diagram of a conventional switch mode 
power supply (SMPS) implemented as a bi-directional fly-back converter, known often as a 
bidifly converter; the simply is indicated genaally by 10. The supply 10 comprises a ferrite- 

15 cored transformer TRl comprising a primary winding Lprim, and jBrst and second secondary 
windings Lseoi, Lgoa respectively. The primaiy wmdmg Lprfm is electrically isolated from the 
secondary windings Lseci, Lswa. Moreover, the primary winding LpHm is connected in series 
with a primaiy field effect transistor switch FET SWl and mains electrical supply Vmains. 
The mains supply Vmains is susceptible, for example, to being provided from an alternating 

20 mams supply by way of a suitable high-voltage bridge rectifier coupled to electrolytic storage 
capacitors (not shown). 

The primary switch FET SWl includes a parasitic drain-source capacitance 
Cpar as a consequence of its mode of fabrication. A gate electrode of the primary switch FET 
SWl is coupled to a primary drive circuit 30. 

25 The second secondary wmding Lsec2 is coupled via a rectifier diode Dj to a 

capacitor Ca across which, in operation, a voltage difference Vout2 is generated. Similarly, the 
first secondary wmding Lseci is connected in series with a capacitor C2 and a secondary field 
effect transistor switch FET SW2 as shown; in operation, a voltage difference Vouti is 
developed across the capacitor Ci. An output junction whereat the prunary winding Lprim is 

30 coupled to the primaiy switch FET SWl defines a voltage difference VpHm as illustrated. 
Likewise, an ou^ut junction whereat the first secondary winding Lseci is connected to the 
secondary switeh FET S W2 defines an output voltage Vsec which is coupled to a hard 
switching amplitude detector (SW DET) 20; the switchmg detector 20 includes, amongst 
other components, a sample-and-hold circuit whose operation is susceptible to being 
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precisely time gated. The secondary switch FET SW2 is driven from a Q output of a flip-flop 
35 whose reset input R is coupled to a circuit (not shown) operable to switch the switch FET 
SW2 to a non-conducting off state when a magnetizing current Las, is less than a reference 
current W; the current I„ag„ is defmed later. Moreover, the flip-flop 35 includes a set input S 
coupled to a start secondary stroke (ST. SEC. STR.) line for causing the secondaiy switch 
FET S W2 to conduct in an on state when this line assumes a logic 1 state. 

Referring to Fig. 2, there is shown a temporal graph indicated generally by 40, 
the graph 40 pertaining to operation of the supply 10. The graph 40 comprises an abscissa 
axis 50 denoting time T. Moreover, the graph 40 further comprises a first ordinate axis 60a 
denoting magnetizing current corresponding to a summation of currents flowing in all 
windings of the transformer TRl referred to a primary side thereof, such referral taking mto 
account turns ration of the primary and secondary windings Lpri„„ W,. L^. Furthermore, 
the graph 40 additionaUy comprises a second ordmate axis 60b denoting the voltage 
differraice Vprfm as indicated in Fig. 1, namely a potential at a junction where the primary 
switch FET SWl is coupled to tiie primary windirig Lprtn. 

Operation of the supply 10 wiU now be described in overview wilh reference 
toFigs. 1 and 2. Duringatime periodic in the graph 40, namely duringalatterpartofatime 
period to in which a magnetizing current through the primary winding 1^ is increasing, the 
primary switch FET SWl is m a conducting state causing the voltage VpHm to be substantially 
close to zero across the switch FET SWl. The magnetizing current through the primary 
winding Lpri„ increases fix)m substantially zero magnitude during this period tm, as illustrated 
relative to the ordinate axis 60a. In contradistinction, during a time period tj in the gr^h 40, 
the summated magnetizing current 1,^^ decreases progressively to finaUy a value Was 
illustrated. During the period tba. the voltage Vpnn. exhibits a progressive decay 70 caused by 
resonant ringing arising on account of there bemg created a resonant circuit comprising the 
parasitic capacitance Cpar of the primary switch FET SWl and the inductance of the primary 
windmg Lpnm. The progressive decay 70 is followed by a sharp decay denoted by 75 
indicative of hard switching occurring in the FET SWl. In Fig. 2, instances Fl. F2, F3, F4 
30 correspond to: 

(a) Fl : switch-off of the primary switch FET SWl; 

(b) F2; switch-off of the secondary switch FET SW2; 

(c) F3 ; switch on of the primary switch FET S Wl ; and 

(d) F4: swiftdM>n of tiie secondary switch FET SW2. 



20 



25 
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During the period tob, current through the primary winding Lpnm estabUshes a 
magnetic field in the transformer TRl, the field subsequently decaying again in its 
subsequent period t,. The secondary switch FBT SW2 is driven by its associated flip-flop to 
conduct to transfer magnetic energy stored within the transformer TRl to the c^jacitor Ci. 
The supply 10 exploits a useful characteristic in that a negative value of U«„ charges the 
capacitor Cpar at the end of the period ti with a consequence that the primary switch FET 
SWl is switched to a conductive state with a relatively low potential there across, thereby 
reducing switching losses arising in operation in the supply 10. Preferably, the magnitude of 
a reference current I„f is controlled by a potential Vhard indicative of the hard switching 
ampKtude at switch-on of the primary switch FET SWl. On account of a need for mains 
isolation between the primary winding Lpri„ relative to the windings Lseoi, L^2, it is 
conventional practice to determine the hard switching amplitude Vh,^ at one or more of the 
secondary windings Lseci, Lsecz. However, conventional approaches to determining the hard 
switching ampUtude at the secondary windings have hitherto been one or more of 
inconveniently expensive and insufficiently accurate. The inventor has therefore appreciated 
that an improved mefliod of measuring hard switehing ampHtude at secondary windings Lseci. 
Lgeez is potentially of advantage. 

In a conventional bidifly-type converter, the inventor has ^reciated that it is 
desirable to discriminate between ringing that occurs after switcfa-on of the primary switch 
FET SWl from a steep slope, for example as represented by 70 in Fig. 2, arising at an 
instance the prunaiy switch FET SWl is driven to its conducting sfate, for example as 
represented by 75 in Fig. 2. In order to provide such discrimination, it would be 
conventionally anticipated that precise timing signals would need to be provided withm the 
supply 10. As timing signals associated with the primary svntch FET SWl are avaUable in 
the supply 10, these signals are beneficially employed for measuring the hard switchmg 
amplitude and has been previously investigated by the inventor in the context of televisions 
and related visual monitor units. 

The inventor has appreciated that an original signal can be temporally 
differentiated to provide a corresponded differentiated signal. Moreover, the inventor has also 
envisaged that the original signal is susceptible to be regenerated by applying integration to 
the differentiated signal. Indeed, the inventor has appreciated that a part of the differentiated 
signal is also susceptible to be integrated to substantially regenerate a corresponding portion 
of the original signal. For example, fai (he supply 10, the voltage Vpri„, or a correspondmg 
version thereof available at one or more of the secondary windings L^eci, I^, is susceptible 
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to being differentiated to provide a corresponding differentiated signal dVprim/dt, wherein a 
measure of a current flowing through the capacitor Cpar can thereby be derived. The current 
flowing through the capacitor Cpar is substantially equal to the current flowing though the 
primary winding Lp^n, during trailing and leadmg edges of each conduction cycle, namely 
stroke, of the primary switch FET SWl. Thus, by integrating the differentiated signal 
dVpri,„/dt using an integrator, it is feasible to recreate a measure of the voltage Vpnm. In a 
situation where an ideal differentiator is employed to generate the signal dVprm/dt, the 
differentiator only generates a useM signal during a time where relatively rapid change in the 
voltage Vpriin occurs in the supply 10. 

The inventor has appreciated that, for purposes of controlling operation of the 
supply 10, it is desirable to measure the voltage over the capacitor C^^ especially when the 
primary switch FET SWl is switching on to its conducting state corresponding to the 
progressive decay 70 inFig. 2. The decay 70 is of atemporal duration including discharging 
of Ihe capacitor C^. In practice, this temporal duration is in the order of 10 ns. Generating 
15 precise timing signals for such relatively short durations is potentially a problem. 

RefCTring to Fig. 3, there is shown a grqjh indicated generaUy 1^ 100 in which 
the voltage developed at the primary winding Lp™, is shown against the onlinate axis 
60b in a similar manner to Fig. 2. Moreover, against an ordinate axis 1 10a, there is shown a 

20 temporally differential version of the voltage Vprf^ namely a signal dVj^dt It will be 

appreciated from Fig. 3 that the signal dV^dt is suscq>tible to being integrated to recreate 
the signal Vpnm as illustrated against an ordmate axis 110b. 

The inventor has appreciated that an area under differential peaks 150 
corresponding to switch-on of the primary switch FET SWl is of interest Moreover, for hard 

25 switching amplitude control purposes, the inventor has also identified that it is desirable to 
regenerate tlie voltage Vprim from an instance in each cycle whereat hard switching 
commences. Thus, if a non-ideal differentiator were employed, an area under the peaks 150 
becomes effectively distributed over a relatively longer time period. An output from such a 
non-ideal differentiator is susceptible to being mtegrated wherein a leading hard switching 

30 peak 150 can be used as atiming signal for commencing integration. Preferably, a time 
constant for tfie differentiator is chosen to be relatively large and integration is beneficially 
completed before a subsequent conduction cycle, namely stroke, of tiie primary switch FET 
SWl occurs. More preferably, tiie differentiator is implemented using a network comprising 
a resistor connected to an associated capacitor Cd whose time constant t= Ra Q is 25% or 
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less of the time interval to shown in Fig. 2. Optionally, the signal Vpri„ provided to the 
differentiator is susceptible to being suppressed for a period longer then the time 1*, to allow 
for longer integration times to be employed. 

Thus, there arise first and second methods Ml, M2 for deriving an indication 
of hard switching amplitude in the supply 10 using an imperfect differentiator coi5)led in 
series with a temporally-gated integrator for processing an mput signal corresponding to the 
voltage Vpri„. These two methods are schematically iUustrated in Fig. 4 wherein is included a 
graph indicated by 200. 

In the first method Ml, the voltage Vpri„, arising at the primary switch FET 
SWl is coupled through an imperfect Cd differentiator as described in the foregoing to an 
integrator which is temporaUy gated for a period ti as illustrated, wherein the presence of a 
first peak 210 is used for timmg control/synchronization for the period n. An output of the 
integrator at the end of the period t, is then indicative of hard switching amplitude Vhard 
arising in the primaiy switch FET SWl . In the first method Ml, it is necessary to commence 
integration without eariier history of the differentiator output; preferably therefore, 
immediately prior to Ifae period t,. the resistance of the differentiator is preferably shorted 
across its terminals, for example by using an analog FET switch as will be described in more 
detail later, for resetting purposes. 

In the second method M2. the voltage Vp^^ arising at the primary switch FET 
SWl is coupled through the imperfect R<, Q differentiator to the aforementioned integrator, 
which is temporally gated for a period as iUustrated. The period T2 encompasses a switch- 
off transition of the primary switch FET SWl but is disabled with regard to its subsequent 
hard switch-on transition and additional time there around rendering mtegrator gate timing 
for the second method less critical; preferably the period includes a complete conduction 
cycle excluding an initial hard switching period. An output of the integrator at the end of the 
period Xz is indicative of hard switching amplitude. Vhard. 

In order to further elucidate the invention, an embodiment thereof wiU now be 
described with reference to Fig. 5. In Fig. 5, there is shown the supply 1 0 including its 
transformer TRl with its first secondary winding L^eci together with the aforementioned 
capacitor C,. its secondaiy switch FET SW2 coupled to its corresponding flip-flop 35. The 
supply 10 in Fig. 5 is also providing with a hard switchmg amplitude detector indicated 
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generally by 300 and included within a dashed line 305. The detector 300 comprises an 
imperfect differentiator 3 10, a temporally-gate integrator 320 and a control unit 330 for 
providing temporal gating signals DISDIF, DISINT to the differentiator 3 10 and to the 
integrator 320 respectively. An output signal Ime from the mtegrator 320 is arranged to 
5 provide a measure of hard switching ampUtude arising in the primary switdi FET SWl 
during operation. The signals DISDIF, DISINT are arranged to be capable of resetting the 
differentiator 310 and the integrator 320 respectively. Moreover, the control unit 330 is 
provided with an input signal line HSE for receiving a signal generally indicative of a time 
interval m which hard switch is expected but not temporally exact in contradistinction to the 
10 prior art. 

The differentiator 310 comprises a capacitor d including first and second 
teimmals. The first terminal is to the junction of the secondary switch FET SW2 and the first 
secondary winding Lsecr as iUustrated. The second terminal of the capacitor Q, is coupled to 
a first terminal of a resistor and to a first switch termmal of a FET switch FET SW3. A 
second terminal of the resistor Rj and a second switch tenninal of the switch FET SW3 are 
bofli coupled to a signal ground. At the second terminal of the capacitor C^, there is provided 
an imperfect differential signal output designated DVDT. A control input of the switch FET 
SW3 is comiected to a signal line DISDIF for disabUng the differentiator 310. Tempore 
switchmg of the differentiator 3 10 wiU be described m more detafl later. The diferentiator 
310 is operable to provide a transfer fimction describable in Laplacian form of Equation 1 



15 



20 



30 



(Eq.l): 



25 where s if the Laplacian operator. 

The integrator 320 includes a current source 325 whose output current / is 
linearly related to the signal DVDT by a proportionality constant k,. An output of the source 
325 is connected to a first terminal of an integration capacitor and to a first switch 
termmal of a FET switch FET SW4. A second terminal of the capacitor Q.. and a second 
switeh termmal of the switch FET SW4 is coupled to the aforesaid signal ground. 

A signal generated m operation at the first termmal of the capacitor Q„t is the 
signal Vh,rt indicative of hard switchmg amplitude arismg m the first primary switch FET 
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SWl described earlier. Moreover, the integrator 320 is operable to provide a Laplacian 
transfer function as defined in Equation 2 (Eq. 2): 



>tDVDT 



0 Eq.2 



where ku ko are operating constants of the integrator 320. 

Combining Equations 1 and 2 yields an overall Laplacian transfer function as 
provided in Equation 3 (Eq. 3): 



— 



Eq.3 



By appropriate temporal switching which will be described later, significance 
of the terms sR<,Cd relative to unity (1) in the denominator of Equations 1 and 3 are 
susceptible to being used to derive a measure of the hard switdiing amplitude of the primaiy 
switch FET SWl. 

The control unit 330 includes an input capacitor Q which is connected at its 
first terminal to the Vsec signal output of the first secondary winding Lseci, and at its second 
termmal to a first terminal of a resistor R^, to a firet switch terminal of an analog switch FET 
SW5 and to the Vhard output indicative in operation of hard switching amplitude. Moreover, a 
second terminal of the resistor Rc and a second switch terminal of the switch FET SW5 are 
coupled to the aforesaid signal ground, as iUustrated. Furthermore, the HSE input is coupled 
via a logic inverter 340 to a switching control input of the switch FET SW5 as shown. A 
signal developed at the first termmal of the resistor is coupled into a comparator 3 50 
configured, with additional components if required (not shown), to exhibit a hysteresis 
characteristic to generate the aforementioned signals DISDEF and DISINT. 

In Fig. 5. it will be appreciated that the hard switching amplitude detector 300 
is shown coupled to the SMPS 1 0 but is also suitable for connected to other types of 
electronic switching chcuits, for example switch mode motor control circuits suitable for 
applying power to switched-reluctance motors, traction assembUes such as conveyor belts. 
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battery chargers, fluorescent lighting devices, high voltage ionizers, ionizing water purifiere 
and linear actuators to mention just a few examples. 

In order to describe operation of the detector 300, Fig. 6 will also be referred 
to in conjunction with Fig. 5. In the first method implemented in the detector 300 of Fig. 5. a 
downward conducting stroke of the primary switch FET SWl generates the aforementioned 
peaks 150 as illustrated. The HSE signal is arranged to remain in an on state for a period 
including the peaks 150 and time there around. The differentiator 310 is disabled by way of 
its switch FET SW3 shorting the resistor in response to the DISDIF signal from the 
control unit 330 for a period including the peak 210 but excluding its subsequent peak 215. 
Likewise, the integrator 320 is similarly disabled by way of its switch FET SW4 shorting the 
capacitor in response to the signal DISINT as illustrated, such disablement including a 
period of the primary upward stroke of the primary switch FET SWl . As a consequence, the 
peak 210 is susceptible to providing precise timing information, whereas the peak 21 5 
includes information relevant for deriving a measure of the hard switching ampUtude Vt,^. 
For each switching cycle of the primary switch FET SWl. the detector 300 is capable of 
measuring Ifae hard switching ampUtude V^^ and providing a corresponding output fiom the 
detect(Mr300. 

Thus, the control unit 330 is operable to sense the signal Vseo and gmerate the 
DISINT, DISDIV signals therefrom by way of action of the hysteresis comparator 350, The 
HSE signal is operable to disable a second differentiator formed by the resistor Ra and hs 
associated capacitor Co, thereby preventipg tiie DVDT signal provided to tiie integrator 320 
from disturbance outside a time window wherein hard switching is expected. However, 
inclusion of the DISINT signal is not essential for tiie invention. At a moment that a h^ 
switch moment is detected, the DISINT signals is set to a logic OFF state and integration of 
an effective area under the DVDT signal starts. 

The detector 300 is also susceptible to being operated in the aforementioned 
second method M2, wherein resetting of tiie differentiator 310 is required. As illustrated m 
Fig. 4, the integrator 320 is switched by way of the control unit 330 coupled by the output 
DISINT to the switch FET SW4. In the second method M2, integration of the output of tiie 
differentiator 310 occurs through tiie period Ta encompassing upward sti-okes and 
corresponding subsequent downward stiokes of tiie of the primary switch FET SWl as 
illustrated but excluding contribution from any hard-switching transient. 

Finally, the BIDIFLY signal indicates when tiie switch SW2 is ON and OFF. 
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It will be appreciated that embodiments of the invention described in the 
foregoing are susceptible to modification wittiout departing &om the scope of the invention. 
For example, although the generation of an imperfect integrator and/or an imperfect 
differentiator using one or more capacitive components connected in combmation with one or 
more resistive components is described, it wiU be appreciated that one of more resistive 
components connected in combination with one or more inductive components may be 
employed as an alternative configuration for achieving fanperfect integration and/or 
differentiation. 

The detector 300, either implemented using analog components in an analog 
manner or in a digital manner using one or more of digital components and software, or a 
mixture of these manners, is capable of being applied to a wide range of switch mode circuits 
for deriving a measure of hard switchmg ampUtude occurrmg therein. This amplitude can be 
employed to control potentially several different functions such as overload shutdown. 
15 regulation, and switching in of oflier circuits and subsystems. 

In the foregoing, it will be appreciated that the smgular is also intended to 
include the plural. Sinularly, expressions such as "include", "contain", "comprise", "have" are 
intended to be construed as non-exclusive, namely to aUow for the presence of other items. 

In the claims, any reference signs placed between parentheses shall not be 
construed as limiting the claim. Ite word "a" or "an" preceding an element does not exclude 
Ihe presence of apluraHty of such elements. In the device claim enumerating several means, 
several of these means may be embodied by one and the same item of hardware. The mere ' 
fact that certam measures are recited in mutually different dependent claims does not mdicate 
that a combmation of these measures cannot be used to advantage. 
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